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ABSTRACT 
 
We study the effect of Z ′ -mediated flavor-changing neutral current on the pipi→B  
decays. The branching ratios of these decays can be enhanced remarkably in the non-
universal Z ′  model. Our estimated branching ratios ( )000B pipi→B  are enhanced 
significantly from their standard model (SM) value. For gg /′  = 1, the branching ratios 
( )000B pipi→B  are very close to the recently observed experimental values and for 
higher values of gg /′  branching ratios are more. Our calculated branching ratios 
( )−+→ pipi0B B  and ( )0B pipi ++ →B  are also enhanced from the SM value as well as 
the recently observed experimental values. These enhancements of branching ratios from 
their SM value give the possibility of new physics. 
  
 
1. INTRODUCTION 
 
The decays of B mesons [1–5] provide information about the flavor structure of the 
standard model (SM), the origin of CP violation, the dynamics of hadronic decays, and to 
search for any signals of new physics beyond the SM. The B factories, such as Belle 
(KEK) [6,7] and BaBar (SLAC) [8,9] have provided us huge data in this direction. The 
main objective of these B factories is to critically test the standard model predictions and 
to look for possible signatures of new physics (NP). The pipi→B  system offers three 
decay channels, −+→→ pipipipi 0000 , BB  and 0pipi ++ →B , as well as their CP 
conjugates [10–13]. Recent experimental measurements [5–9] of CP asymmetries and the 
branching ratios of pipi→B  decays have shown deviations from the SM expectations. 
In the pipi→B  decays, there are three discrepancies: (i) the direct CP asymmetry for 
the mode −+→ pipi0B  is very large; (ii) 000 pipi→B  mode is found to have larger 
branching ratio ( )6103.1 −×≈  [5] than the SM expectations ( )710−≈  [4]; and (iii) the 
theoretical estimation of −+→ pipi0B  branching ratio is about 2 times larger than the 
current experimental average. This feature is the “ pipi→B  Puzzle”. The large 
branching ratio of the 000 pipi→B  channel tells us that if unknown electroweak penguin 
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(EWP) dynamics is the cause of the enhancement, the EWP amplitude should be quite 
large. It is difficult to have such a large amplitude from intuitive arguments. That is why 
we prefer a new physics (NP) solution for the puzzle. 
 
         There are at least three kinds of models [14] used for theoretical calculations of the 
branching ratios and CP asymmetries ( PCA ) for nonleptonic charmless B decay modes: 
the conventional factorization (CF) model [15], the QCD-improved factorization (QCDF) 
model [16] and the perturbative QCD ( PQCD) model [17].  The main problem is to 
calculate the strong phase and hence the CP asymmetry theoretically. In CF model the 
strong phases are calculated from the imaginary parts of the respective Wilson 
coefficients. QCDF predicts a small strong phase difference between the dominant 
amplitudes. In PQCD method hard components, which are treated by perturbation theory, 
are separated from a QCD process. Nonperturbative components can be extracted from 
experimental data. In PQCD predictions, annihilation and exchange topologies are given 
more weight than in QCDF. They can generate a sizable strong phase. pipi→B  and 
related decays are also studied in the heavy quark limit of QCD using the soft collinear 
effective theory (SCET) [18]. QCDF and SCET are based on collinear factorization 
theorem, but PQCD is based on Tk  factorization theorem.  
 
      The B meson decays [19] induced by the flavor-changing neutral current (FCNC) 
transitions are very important to probe the quark-flavor sector of the SM. In the SM they 
arise from one-loop diagrams and are generally suppressed in comparison to the tree 
diagrams. Nevertheless, one-loop FCNC processes can be enhanced by orders of 
magnitude in some cases due to the presence of new physics. New physics comes into 
play in B meson decays in two different ways: (a) through a new contribution to the 
Wilson coefficients, and (b) through a new structure in the effective Hamiltonian, which 
are both absent in the SM. In this paper, we study pipi→B  decays considering the 
effect of Z ′ -mediated FCNC which modifies the Wilson coefficients and changes the 
effective Hamiltonian, and gives a new result for the branching ratio. 
 
In the Z ′  sector, there has been a great deal of investigation to understand the 
underlying physics beyond the SM [20–28]. With flavor-changing neutral currents 
[25,29–31], the Z ′  boson contributes at tree level, and its contribution will interfere with 
the SM contributions. The Z ′  flavor-changing couplings will give new contributions to 
the SM operators. The new contributions from flavor-changing Z ′  models in which Z ′  
mediates vector and axial vector interactions would enhance the branching ratios of 
pipi→B  decays significantly [32]. 
 
This paper is organized as follows: in Section 2, we give a brief account of pipi→B  
decays in the standard model and then discuss the “ pipi→B  puzzle”. In Section 3, we 
evaluate the effective Hamiltonian and corresponding branching ratios for pipi→B  
decays considering the contribution from Z′  boson. In Section 4, we discuss the results, 
so obtained, and compare our results with that of the standard model as well as the 
recently observed experimental values.  
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2. pipi→B  DECAYS IN THE STANDARD MODEL 
 
Let us consider the pipi→B  decay processes. In the standard model, these decays 
involve qqdb →  (q = u,d) transitions through exchange of W-boson. In the pipi→B  
decays [33], the B meson is heavy, sitting at rest. It decays into two light mesons with 
large momenta. Therefore the light mesons are moving very fast in the rest frame of B 
meson. In this case, the short distance hard process dominates the decay amplitude. The 
effective Hamiltonian [34–37] describing the pipi→B  decays can be written as: 
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where dqbqq VV *=λ , iC ’s are Wilson coefficients and iQ ’s are local operators containing 
quark and gluon fields [34]. Both the iC ’s and iQ ’s depend on the QCD renormalization 
scale µ  i.e. )(,)( 11 µµ QC  etc. and iC ’s depend on the mass of the W boson and the 
masses of other heavy particles such as the top quark as well. The renormalization scale 
µ   is typically of the order of a few GeV. The current-current operators induced by W-
boson exchange are given by: 
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The iQ ’s 6,5,4,3, =i   i.e. 
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are the QCD penguin operators, summed over the quark flavors bcsduq ,,,,=  and the 
other iQ ’s 10,9,8,7, =i  i.e. 
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are the electroweak penguin operators, where qe  is the charge of the quark , and lastly 
 ( ) dGbmgQ bsg νµµν γσ
pi
52 18
−=  ,                                  (5) 
is the chromomagnetic dipole operator. Here, ( ) ( ) 25121 1 qqqq AV γγ µ ±=± . 
 
The topological amplitudes provide a parametrization for non-leptonic B-meson 
decay processes which is independent of theoretical models for the calculation of 
hadronic matrix elements [38]. The decay amplitudes of pipi→B  [17] can be written 
as:  
( ) 





+−=→ −+ 210 φpipi ie
T
PTBA ,            (6) 
( ) 





−





−=→
T
C
e
T
P
T
PTBA iEW 20002 φpipi , 
( ) 





++−=→ ++ 212 0 φpipi iEW e
T
P
T
CTBA ,           
where T, C, P and P EW stand for the color-allowed tree, color-suppressed tree, penguin, 
and electroweak penguin amplitudes, respectively, and 2φ  is the weak phase defined by 
)(exp,)(exp 13 φφ iVViVV dtdtubub −=−=  and 3102 180 φφφ −−= . 
 
 
 The branching ratio corresponding to the decay amplitude can be written as 
 ( )pipi→BB SM  ( )
totB
BA
m Γ
→=
1
8
1 2
2 pipipi
P
 ,                               (7) 
where P  is the 3-momentum of the final state particles in the rest frame of the B-meson 
[18,39]. The theoretical predictions for the CP-averaged branching ratios of the decay 
modes of pipi→B  are given by Benke and Neubert [40] as : 
 
 ( ) 60.4 4.30 109.8B −+−−+ ×=→ pipiB ,           (8) 
( ) 62.0 2.0000 103.0B −+− ×=→ pipiB , 
( ) 60.3 4.20 100.6B −+−++ ×=→ pipiB .         
The recently observed branching ratios of pipi→B  decays [5] (Updated August 2006) 
are given as: 
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( ) 60 10)2.02.5(B −−+ ×±=→ pipiB ,         (9) 
( ) 6000 10)21.031.1(B −×±=→ pipiB , 
( ) 60 10)4.07.5(B −++ ×±=→ pipiB .           
These measurements represent a challenge for theoretical study. For example, the 
theoretical estimation of −+→ pipi0B  branching ratio is about 2 times larger than the 
current experimental average. On the other hand, the calculation of 0pipi ++ →B  
reproduces the data rather well. This “ pipi→B  Puzzle” is reflected by the following 
quantities [2,41]:  
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where 069.1/ 0 =+ BB ττ , the central values calculated within the QCD factorization give 
24.1=
−+
pipiR  and 07.000 =pipiR  [40]. These numbers show the discrepancies between 
theoretical and experimental predictions. 
 
         The counting rules in terms of powers of the Wolfenstein parameter λ  ~ 0.22 [42] 
are assigned to various decay amplitudes [38,43]. In pipi→B  decays, the dominant 
contribution comes from T. The amplitudes in Eq. (6), obey the counting rules in the 
standard model [38], 
 
T
P
 ~ λ  , 
T
C
 ~ λ  ,   
T
PEW
 ~ 
2λ  .           (11) 
 
Here, the use of parameter λ  is not related to CKM matrix elements. It is simply used as 
a measure of the relative sizes of various contributions. For example, TC / ~ λ  is due 
to color suppression.  The hierarchy of the branching ratio ( )000B pipi→B  ~  ( )2λO  
( )−+→ pipi0B B  is then expected. But the experimental results given in equation (9) 
show that the former is about of ( )λO  of the latter. This is the “ pipi→B  Puzzle”. The 
electroweak penguin (EWP) effects will be more important when there is a non-strange 
neutral particle in the final state, such as 00 ,, ρηpi  or φ , as the color-allowed 
electroweak penguin EWP  is involved. All charged final state will be less affected by the 
presence of electroweak penguin diagram since in this case only color-suppressed 
electroweak penguin CEWP  diagram can arise. 
 
It has been claimed that the “ pipi→B  puzzle” is resolved in the QCD-improved 
factorization (QCDF) approach [16] with an input from soft-collinear effective theory 
(SCET) [40,44]: the inclusion of NLO jet function, the hard coefficient of SCETII, into 
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the QCDF formula for the color-suppressed tree amplitude gives sufficient enhancement 
of the 000 pipi→B  branching ratio. But the color-suppressed tree amplitude cannot be 
explained. Final-state interaction (FSI) is a plausible resolution to the “ pipi→B  
puzzle”; but the estimate of its effect is quite model-dependent. It is found that FSI 
produces a better agreement between theory and experiment in the measurement of the 
branching ratios of 000 pipi→B  and −+→ pipi0B  decay modes in the Regge model 
[45]. Different methods for detection and measurement of new physics in pipi→B  
decays have been studied in [46]. It has been shown that many models beyond the 
standard model could enhance the branching ratio and consequently tried to resolve the 
puzzle. Recently, Yang et al. [41] study pipi→B  decays in the minimal 
supersymmetric standard model with R-parity violation. They showed that R-parity 
violation can resolve the discrepancies in pipi→B  decays. 
 
3. EFFECT OF Z′  BOSON ON pipi→B  DECAYS 
 
Many models beyond the SM predict the existence of exotic fermions. These new 
(exotic) fermions can mix with the SM fermions. Such mixing induces FCNCs [25]. If 
these exotic fermions have different )1( ′U  charges from the ordinary fermions, as found 
in 6E  models [29], interesting phenomena arise. Mixing between ordinary (doublet) and 
exotic singlet left-handed fermions induces undesirable FCNC, mediated by the SM Z 
boson. The mixing of the right-handed ordinary and exotic fermions induces FCNC 
mediated by Z ′  boson. 
 
In this paper, we consider the models in which the interactions between the Z ′  
boson and fermions are flavor nonuniversal for left-handed couplings and flavor diagonal 
for right-handed couplings. The basic formalism of the family non-universal Z ′  models 
with flavor-changing neutral currents can be found in [25,47,48], to which we refer 
readers for detail. The family non-universal Z ′  couplings lead to flavor-changing (non-
diagonal) Z ′  couplings and possibly to new effects, when quark and lepton flavor mixing 
are taken account.  
 
In these models, the Z ′  part of the neutral-current Lagrangian in the gauge basis 
can be written as 
 
µ
µ ZJgL
Z
′′′
−=
′
,             (12) 
 
where g ′  is the gauge coupling constant of the )1( ′U  group at the WM  scale. The Z ′  
chiral current is 
 
 ( ) ( )[ ]∑ ∈+∈=′
ji
I
jRjiRLjiL
I
i PPJ
,
ψγψ ψψµµ ,        (13) 
 
where the sum extends over all flavors of the SM fermion fields, ( ) 2/1 5, γm≡RLP  are 
the chirality projection operators, the superscript I refers to the gauge interaction 
eigenstates, and ( )RL ψψ ∈∈  denotes the left-handed (right-handed) chiral coupling 
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matrix. The mass eigenstates of the chiral fields are I RLRLRL V ,,, ψψ ψ=  and the CKM 
matrix is given by †LdLuCKM VVV = . The chiral Z ′  coupling matrices in the physical basis 
of up-type and down-type are, 
 
 
†
XuXuXu
X
u VVB ∈=  ,  
†
XdXdXd
X
d VVB ∈=  ,      ( X = L , R )       (14) 
 
where X duB )(  are hermitian. As long as the ∈  matrices are not proportional to the identity, 
the B matrices will have non-zero off-diagonal elements that induce FCNC interactions at 
tree level. 
 
 The effective Hamiltonian of the qqpb →  (p = d, s and q = u, d, s) transitions 
mediated by the Z ′  boson can be written as [47–49]: 
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where ( )WWeg θθ cossin/=  and g ′  is the gauge coupling associated with the )1( ′U  
group. LjiB  and RjiB  refer to the left- and right-handed effective Z ′  couplings of the 
quarks i and j at the weak scale respectively. The forms of the above four-quark operators 
( ) ( ) AVAV qqbp −−  and ( ) ( ) AVAV qqbp +−  already exist in the SM. With FCNCs, the Z ′  
boson contributes at tree level, and its contribution will interfere with the SM 
contributions. The Z ′  boson contributes to the QCD penguin operators )5(3Q  as well as 
electroweak penguin operators )9(7Q . The Wilson coefficients of the corresponding 
operators are modified due to Z ′  effect. The effective Hamiltonian given by equation 
(15) can be written as: 
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q
qqqq
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2 99775533
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where iC∆  denote the modifications to the corresponding SM Wilson coefficients 
induced by the Z ′  gauge boson, which can be expressed as: 
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Generally, the diagonal elements of the effective coupling matrices RLqqB ,  are real due to 
the hermicity of the effective Hamiltonian, but the off-diagonal elements LbpB  may 
contain a new weak phase Lpφ . Then the iC∆ ’s can be represented as [49]: 
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where the newly introduced Z ′  parameters RLLLp ,ζ ,  RLLLp ,ξ  and Lpφ  are defined as 
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It is also noted that the other SM Wilson coefficients may receive contributions from the 
Z ′  boson through renomalization group (RG) evolution. We assume that there is no 
significant RG running effect between the WM  and /ZM  scales. Hence, the RG evolution 
of the modified Wilson coefficients is exactly the same as that in the SM [34]. It is 
expected that the new contributions from flavor-changing Z ′  models in which Z ′  
mediates vector and axial vector interactions would enhance the branching ratios of 
pipi→B  decay significantly. However, the Z ′  flavor-changing couplings are subjected 
to constraints from relevant experimental measurements. 
 
 Considering the above effect of Z ′  boson, the branching ratio of the pipi→B  
decays is found to be 
       ( )[ ]ZB ′→ pipiB = ( )
Z
totB
BA
m
P
′


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
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

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Γ
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8
1 2
2 pipipi
r
.     (20) 
 
In the next section we use this formula for the calculation of branching ratios for 
pipi→B  decays in the presence of Z ′   boson.  
 
4. NUMERICAL RESULTS AND DISCUSSIONS 
 
In this section, we calculate the branching ratios for pipi→B  decays in the presence of 
Z ′  boson using all the recent data [50]: 570.139=±pim  MeV,  976.1340 =pim MeV, 
)5.00.5279( ±=±Bm  MeV, )5.04.5279(0 ±=Bm MeV, ZM  = 91.1876 GeV,  mean 
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lifetime   1210)018.0671.1( −×±=±Bτ s, 1210)014.0536.1(0 −×±=Bτ s, Fermi constant 
25 GeV1016639.1 −−×=FG , decay constants 190=Bf  MeV, =pif MeV130  and 
θ2sin W 23.0= . The Z ′  parameters ~RLdζ  0.05, ( )210~ −ORLdξ  and 048~ −Ldφ  [49]. 
We assume that the product Ldd
L
bd BB
*
 is numerically about the same as *dtbt VV . Since 
the Z ′  boson has not yet been discovered, its mass is unknown. There are stringent recent 
limits on the mass of an extra Z ′  boson obtained by CDF, DO/  and LEP 2, and on the Z-
Z ′  mixing angle ZZ ′θ  [51]. The precision electroweak (EW) data strongly constrain on 
ZZ ′θ  to very small values, 3101.8 −′ ×≤ZZθ . The lower mass limits on Z ′  bosons as 
obtained by CDF, D O/  and LEP 2 is /ZM > 434 GeV. However, in perturbative heterotic 
string models with supergravity mediated supersymmetry breaking it is found that Z ′  
mass could be less than 1 TeV [22,52,53]. In a study of B meson decays with Z′ -
mediated FCNCs [47], they study the Z′  boson in the mass range of a few hundred GeV 
to 1 TeV. Our investigations in both the left-right symmetric model [54] and potential 
model [55] give the mass of Z ′  boson around 1 TeV. There are thus good motivations for 
an extra Z ′  boson, with a mass range 500 GeV – 1 TeV [56].  
 
In general, the value of gg /′  is undetermined [57]. However, generically, one 
expects that 1/ ≈′ gg  if both U(1) groups have the same origin from some grand unified 
theory.  In order to get significant contribution due to Z′ -mediated FCNCs, we have 
varied the ratio gg /′  from 1 to 5 in our calculations. 
 
From equation (20), it is clear the branching ratio for pipi→B  decay process 
depends upon the value of gg /′  and /ZM  [Since the amplitude ( )pipi→BA  includes 
the Z ′  contribution and calculated by using equation (16)]. We have tried to show the 
variation of branching ratios for the pipi→B  decays by varying gg /′  from 1 to 5 and 
/ZM  from 500 GeV to 1 TeV. The results are shown in Tables 1–5 respectively. We find 
that the values of branching ratios are larger than the SM value as well as the recently 
observed experimental values. Our calculated branching ratios ( )000B pipi→B   are 
enhanced significantly from their SM value. For gg /′  = 1, branching ratios 
( )000B pipi→B  are very close to the recently observed experimental values [Eq. (9)] 
and for other values of gg /′  branching ratios are more. Our calculated branching ratios 
( )−+→ pipi0B B  and ( )0B pipi ++ →B  are also enhanced from the SM value as well as 
the recently observed experimental values. We can also argue that there have been 
significant enhancements in the branching ratios for a lighter Z ′  boson. In the 
experimental side, these results may be inaccessible at presently running B factories. 
However, it is large enough for LHCb and/or Super B factories. 
 
From our analysis, we conclude that the branching ratios for pipi→B  decay 
processes are enhanced from its standard model value. This is due to the effect of Z ′ -
mediated flavor-changing neutral currents on the pipi→B  decays. Hence, there may be 
the possibility of new physics effects in the pipi→B  decays [4, 58]. Furthermore, future 
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observations of these decays would help us to constrain the mass of Z ′  boson within the 
model. These facts lead to enrichment in the phenomenology of both the Z′ -mediated 
FCNCs and pipi→B  decays.  
 
 
Table 1. Branching ratios of the pipi→B  decays for gg /′  = 1. 
/ZM  
(GeV) 
gg /′
 
( )−+→ pipi0B B  
( 610− ) 
( )000B pipi→B  
( 610− ) 
( )0B pipi ++ →B  
( 610− ) 
500 1 9.40 ± 0.10 1.24 ± 0.01 6.35 ± 0.13 
600 1 9.30 ± 0.01 1.24 ± 0.004 6.20 ± 0.08 
700 1 9.25 ± 0.03 1.24 ± 0.002 6.15 ± 0.05 
800 1 9.10 ± 0.03 1.20 ± 0.007 6.10 ± 0.05 
900 1 8.90 ± 0.18 1.20 ± 0.006 6.00 ± 0.12 
1000 1 8.90 ± 0.14 1.20 ± 0.005 6.00 ± 0.10 
 
 
Table 2. Branching ratios of the pipi→B  decays for gg /′  = 2. 
/ZM  
(GeV) 
gg /′
 
( )−+→ pipi0B B  
( 610− ) 
( )000B pipi→B  
( 610− ) 
( )0B pipi ++ →B  
( 610− ) 
500 2 11.43 ± 0.64 1.56 ± 0.21 7.70 ± 0.28 
600 2 10.62 ± 0.43 1.44 ± 0.22 7.16 ± 0.20 
700 2 10.15 ± 0.12 1.36 ± 0.20 6.84 ± 0.16 
800 2 9.85 ± 0.66 1.32 ± 0.22 6.64 ± 0.33 
900 2 9.65 ± 0.18 1.28 ± 0.21 6.50 ± 0.60 
1000 2 9.50 ± 0.60 1.28 ± 0.20 6.40 ± 0.61 
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Table 3. Branching ratios of the pipi→B  decays for gg /′  = 3. 
/ZM  
(GeV) 
gg /′
 
( )−+→ pipi0B B  
( 610− ) 
( )000B pipi→B  
( 610− ) 
( )0B pipi ++ →B  
( 610− ) 
500 3 15.03 ± 1.01 2.04 ± 0.33 10.13 ± 1.0 
600 3 12.99 ± 0.87 1.72 ± 0.29 8.75 ± 0.84 
700 3 11.83 ± 0.79 1.56 ± 0.27 8.33 ± 0.78 
800 3 11.10 ± 0.74 1.48 ± 0.25 7.49 ± 0.72 
900 3 10.62 ± 0.71 1.40 ± 0.23 7.15 ± 0.70 
1000 3 10.28 ± 0.69 1.36 ± 0.22 6.93 ± 0.66 
 
Table 4. Branching ratios of the pipi→B  decays for gg /′  = 4. 
/ZM  
(GeV) 
gg /′
 
( )−+→ pipi0B B  
( 610− ) 
( )000B pipi→B  
( 610− ) 
( )0B pipi ++ →B  
( 610− ) 
500 4 20.89 ± 1.40 2.80 ± 0.47 14.08 ± 1.20 
600 4 16.69 ± 1.12 2.24 ± 0.37 11.25 ± 1.0 
700 4 14.39 ± 0.97 1.92 ± 0.32 9.70 ± 0.90 
800 4 12.98 ± 0.87 1.72 ± 0.29 8.75 ± 0.80 
900 4 12.06 ± 0.69 1.40 ± 0.23 7.98 ± 0.66 
1000 4 11.42 ± 0.68 1.36 ± 0.22 6.99 ± 0.60 
 
Table 5. Branching ratios of the pipi→B  decays for gg /′  = 5. 
/ZM  
(GeV) 
gg /′
 
( )−+→ pipi0B B  
( 610− ) 
( )000B pipi→B  
( 610− ) 
( )0B pipi ++ →B  
( 610− ) 
500 5 29.85 ± 2.01 4.04 ± 0.67 20.13 ± 2.0 
600 5 22.14 ± 1.50 3.00 ± 0.50 14.93 ± 1.4 
700 5 18.05 ± 1.22 2.44 ± 0.40 12.17 ± 1.0 
800 5 15.62 ± 0.87 2.08 ± 0.35 10.53 ± 1.0 
900 5 14.05 ± 0.95 1.88 ± 0.31 9.48 ± 0.90 
1000 5 12.98 ± 0.88 1.72 ± 0.29 8.75 ± 0.80 
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